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Expression of pigment epithelium derived factor and
vascular endothelial growth factor in choroidal neovascular
membranes and polypoidal choroidal vasculopathy

M Matsuoka, N Ogata, T Otsuji, T Nishimura, K Takahashi, M Matsumura

Aims: To defermine whether pigment epithelium derived
factor (PEDF), a protein that inhibits angiogenesis, is
expressed in human choroidal neovascular membranes
(CNVMs) and in tissues from an eye with polypoidal
choroidal vasculopathy (PCV). In addition, to compare the
expression of PEDF with that of vascular endothelial growth
factor (VEGF), a known stimulator of angiogenesis, in these
tissues.

Methods: CNVMs, associated with age related macular
degeneration (AMD), angioid streaks, and PCV, were
obtained during surgery. The expression of PEDF and
VEGF in the excised subretinal fibrovascular membranes
was determined by immunohistochemistry.

Results: PEDF and VEGF were strongly expressed in the
vascular endothelial cells and retinal pigment epithelial (RPE)
cells in the CNVMs where numerous new vessels were
prominent (clinically active CNVMs). On the other hand,
immunoreactivity for PEDF and VEGF was weak in the new
vessels where fibrosis was prominent (clinically quiescent
CNVMes). However, the RPE cells were still positive for PEDF
and VEGF. The specimens from the eye with PCV also
showed strong expression of PEDF and VEGF in the vascular
endothelial cells and the RPE cells.

Conclusion: Because PEDF is an inhibitor of ocular angio-
genesis and an inhibitor of ocular cell proliferation, our
results suggest that PEDF along with VEGF may modulate the
formation of subfoveal fibrovascular membranes.

central vision in patients with age related macular
degeneration (AMD), ocular histoplasmosis, high myo-
pia, and other diseases. Most subfoveal fibrovascular mem-
branes are caused by choroidal neovascularisations (CNVs),
and the initial step in the formation of choroidal neovascular
membranes (CNVMs) is the growth of new vessels from the
choriocapillaris through Bruch’s membrane into the sub-
retinal space.'"™ Earlier studies of experimentally induced and
surgically excised CNVMs have shown that vascular endothe-
lial growth factor (VEGF),” " transforming growth factor 3
(TGE-B),"" and basic fibroblast growth factor (bFGF)"*" were
expressed in the CNVMs, and these factors were considered
to have a role in the development of the CNVMs.
Polypoidal choroidal vasculopathy (PCV) was first
described by Yannuzzi ef al,''” and is characterised by an
abnormal vascular network of choroidal vessels with polyp-
like dilations at the terminals of the branches. Whether PCV
represents abnormal vessels from the choroidal circulation or
neovascularisation from choriocapillaris is still being
debated.®* Relevant to this study, a recent investigation
demonstrated that VEGF was expressed in the vascular

S ubfoveal fibrovascular membranes can lead to a loss of
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endothelial cells and the retinal pigment epithelial (RPE)
cells in PCV.”!

Angiogenesis is controlled by a balance of factors that
stimulate or inhibit new vessel formation. In normal tissues,
the inhibitory influences predominate and neovascularisation
does not occur.” > In contrast, in a variety of pathological
states, such as tumour growth, proliferative diabetic retino-
pathy, and choroidal neovascularisation, new vessels develop
because of increased levels of angiogenic stimulators and/or
decreased levels of inhibitors.*

Recent studies have demonstrated that pigment epithelium
derived factor (PEDF) is a strong inhibitor of angiogen-
esis.” ** Thus, PEDF inhibited the migration of endothelial
cells in vitro in a dose dependent manner and was more
effective than angiostatin, thrombospondin-1, and endosta-
tin.”> These results placed PEDF among the most potent
natural inhibitor of angiogenesis.

VEGF is strongly expressed in human CNVMs’® and in
specimens from PCV*' but the expression of PEDF in these
subfoveal fibrovascular membranes has not been determined.
Earlier, we demonstrated an upregulation of the mRNA and
protein of PEDF in eyes with an experimentally induced
choroidal neovascularisation and suggested that PEDF may
modulate the development of CNVMs.*’

Because of the counterbalancing effects of PEDF and
VEGF,* we hypothesised that PEDF will also be expressed in
human CNVMs, and the levels of PEDF and VEGF will
depend on the clinical status of the subfoveal fibrovascular
membranes. To test this hypothesis, we have performed
immunohistochemical studies on surgically excised subfoveal
fibrovascular membranes and determined the level of
expression of PEDF and VEGF.

5-8

MATERIALS AND METHODS

CNVMs, associated with AMD and angioid streaks, and
tissues from an eye with PCV were obtained during surgery
for the treatment of these membranes. The procedures
conformed to the tenets of the Declaration of Helsinki, and
a signed written consent was obtained from all patients. The
excision of subfoveal fibrovascular membranes was per-
formed on seven eyes of seven patients, and the surgical
indications and procedures have been reported.”®

Preoperative clinical analysis

The size of each subfoveal fibrovascular membrane was
expressed as a percentage of the optic disc diameter after
correlating it with the preoperative fluorescein angiograms.
The subfoveal fibrovascular membranes were considered to

Abbreviations: AMD, age related macular degeneration; CNV,
choroidal neovascularisation; PCV, polypoidal choroidal vasculopathy
PEDF, pigment epithelium derived factor; VEGF, vascular endothelial
growth factor
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Table 1 Patient data, clinical characteristics

Case Sex Age Diagnosis Clinical phenomenon Size Active or quiescent
1 F 58 Angioid streaks Fresh subretinal haemorrhage, serous refinal detachment 1.0 Active

2 M 86 AMD PED, serous retinal detachment 2.5 Active

3 M 65 AMD Serous retinal detachment 1.2 Active

4 F 82 AMD Fresh subretinal haemorrhage, serous retinal detachment 2.0 Active

5 M 70 AMD Subretinal haemorrhage, subretinal fibrosis 0.8 Quiescent

[ F 72 AMD Subretinal fibrovascular membrane 2.5 Quiescent

7 M 63 PCV Fresh subretinal haemorrhage, PED 2.0 Active

AMD = age related macular degeneration; PCV = polypoidal choroidal vasculopathy; PED = retinal pigment epithelium defachment.

be at an active or quiescent stage by the clinical data, review
of standard fundus photographs, optical coherence tomogra-
phy (OCT), and fluorescein and indocyanine green (ICG)
angiograms. A subfoveal fibrovascular membrane was
considered to be active if fresh subretinal haemorrhages
and serous retinal detachment were present, or hyper-
leakage was displayed in fluorescein and/or ICG angiograms.
They were considered to be quiescent if severe gliosis or
subretinal fibrosis was present, subretinal haemorrhages
were not fresh, leakage was not marked, and only tissue
staining was displayed in the angiograms.

Tissue processing

The surgically excised subfoveal fibrovascular membranes
were fixed in 4% paraformaldehyde in phosphate buffered
saline (PBS) at 4°C. The tissues were placed in 30% sucrose in
PBS for 20 minutes at 4°C, dehydrated by graded ethanol
series, and then embedded in paraffin. Sections, 4 um thick,
were deparaffinised and prepared for immunohistochemical
study. Haematoxylin and eosin staining was also performed
to determine the histological characteristics of the mem-
branes.

Immunohistochemical analysis for PEDF and VEGF

To detect the proteins of PEDF or VEGF immunohistochemi-
cally, serial or very closely adjacent 4 um thick sections were
used. Immunoperoxidase staining was carried out with the
LSAB kit (Dako, Glostrup, Denmark) according to the
manufacturer’s protocol. All steps were performed at room
temperature unless otherwise stated. Briefly, sections were
deparaffinised, fixed in cold acetone (4°C) for 10 minutes,
and then treated with 3% hydrogen peroxide to block
endogenous peroxidase activity. Then, affinity purified rabbit
polyclonal primary antibody against human PEDF
(BioProducts, Maryland, Inc, MD, USA, 1:300), or affinity
purified rabbit polyclonal antibody against human VEGF (Cat
No VEGF (A-20):sc-152, Santa Cruz Biotechnology, Inc, CA,
USA, 1:200), was applied to sections for 60 minutes followed
by incubation with biotinylated goat anti-rabbit IgG. The
slides were then incubated with horseradish peroxidase
(HRP) conjugated avidin. For a chromogen, 3-amino-9-
ethyl-carbazole (AEC) (Dako, Glostrup, Denmark), was used,
and the slides were counterstained with methyl green.
Between each step, the sections were washed three times
with PBS. For control, preimmune rabbit IgG or mouse IgG
was used instead of the primary antibody. Sections were
observed under a light microscope.

The degree and pattern of immunostaining was assessed by
masked observers. The intensity of labeling was graded:
grade 0, not stained; grade 1, slightly stained; grade 2,
moderately stained; grade 3, strongly stained.

RESULTS

Preoperative clinical analysis

The clinical characteristics of the patients are summarised in
table 1. An active CNVM was characterised by subretinal
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haemorrhage and/or a serous retinal detachment, and hyper-
leakage from the CNVM by fluorescein angiography (fig 1,
case 1). A typical case of a quiescent CNVM showing
subretinal fibrosis by ophthalmoscopy is shown in figure 2
(case 5). Fluorescein and ICG angiograms displayed only
tissue staining and no leakage from the CNVM. A case of PCV
showing subretinal haemorrhage and retinal pigment epithe-
lium detachment (PED) by ophthalmoscopy is shown in
figure 3. Fluorescein angiograms displayed fluorescein
leakage from the lesion and fluorescein pooling correspond-
ing to the PED. ICG angiograms revealed polyp-like lesions
with an associated abnormal vascular network (case 7).
These findings are characteristic of an active subfoveal
fibrovascular membrane.

Histopathological examination

The surgically excised CNVMs were examined in haematox-
ylin and eosin sections. There were several variations in the
make-up of the membranes that ranged from fibrotic
membranes with a small number of vascular cells to
membranes with diffuse and severe vascularisation.
Neovascularisation was more prominent than fibrosis in
cases 1 to 4, and these were classified clinically as active
CNVMs (fig 1D, E). Fibrosis and proliferation of RPE cells
were more prominent than neovascularisation in cases 5 and
6, and these were classified as quiescent CNVMs clinically
(fig 2D, E). This difference in the make-up of the membranes
was not related to the type of disease—that is, AMD and
angioid streaks, from which the membranes were obtained.
All specimens contained RPE cells and other cell types,
assumed to be fibroblasts and macrophages by their
morphology, in the stroma in varying numbers.

The PCV case (case 7) had different histopathological
characteristics from cases of CNVMs. The fibrovascular
tissues that appeared to correspond to the polypoidal lesions
were observed under the RPE cells and contained numerous
dilated, thin walled vessels and massive fibrin-like materials
(fig 3D, E, F).

Immunoreactivity for PEDF and VEGF
PEDF positive cells were detected to some degree in all
specimens (table 2)—for example, RPE cells in the stroma,
perivascular areas, and the RPE cells covering the CNVMs.
The clinically active CNVMs showed strong immunoreactivity
for PEDF in the RPE cells located in the perivascular areas
and also in the endothelial cells of the numerous new vessels
(table 2, cases 1, 2, 3, and 4, figs 1F, G). On the other hand,
the clinically quiescent CNVMs showed weak immunoreac-
tivity for PEDF in the new vessels where fibrosis was
prominent but strong immunoreactivity for PEDF was
detected in the RPE cells (table 2, cases 5 and 6; figs 2F, G).
Immunoreactivity for VEGF was also detected in the RPE
cells located in the perivascular areas and in the RPE cells
covering the CNVMs. Especially strong reactivity was
observed in the RPE cells located in the perivascular areas
where numerous neovascular vessels were prominent in cases
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Figure 1 An active CNVM (case 1). (A) Preoperative fundus photograph. Subretinal haemorrhage and a serous refinal detachment can be seen. The
ye?low arrow points fo the direction of the sectional OCT scan (C). (B) Preoperative fluorescein angiogram. Hyperfluorescein leakages from the CNVM
can be seen. OCT of (A). (C) OCT shows an elevation of the sensory retina by a highly reflective mass above the original RPE layer. (D) Haematoxylin
and eosin section showing [i:rominent neovascular vessels. RPE cells (arrows) are o%served on the choroidal side. (E) A high power photograph of the

region outlined by the blac

box in (D). Numerous neovascular vessels (arrowheads) are present. (F) Immunohistochemistry for PEDF expression.

Strong immunoreactivity for PEDF is observed in endothelial cells (arrowheads) within the neovascularisation and the RPE cells (arrows) located in the

perivascular areas. (G) A high power photograph of the region outlined by the black box in (F). (H) Immunohistochemistry for VEGF expression. Strong

immunoreocﬁvirK for VEGF is observed in endothelial cells (arrowheads) within the neovascularisation and the RPE cells (arrows). (I) A high power
f

photograph of

1 to 4. These cases showed active CNVMs clinically, and
strong immunoreactivity for VEGF was also observed in
endothelial cells of neovascularisation where numerous
neovascular vessels were prominent (table 2, fig 1H, I).

In contrast, immunoreactivity for VEGF was weak or not
detectable in the new vessels where fibrosis appeared to be
predominant over neovascularisation, but was positive in the
RPE cells located in the perivascular area and in the RPE cells
covering the CNVMs (table 2, cases 5 and 6; figs 2H, I). These
cases were classified as quiescent CNVMs clinically.

The specimens from the eye with PCV showed strong
immunoreactivity for PEDF in the RPE cells located above the

e region outlined by the black box in (H). Scale bars, 50 pum.

fibrovascular membrane and also in the endothelial cells of
the numerous abnormal vessels (table 2, case 7; figs 3G, H).
In addition, these cells also showed strong immunoreactivity
for VEGF in the RPE cells located above the fibrovascular
membrane and also in the endothelial cells of the numerous
abnormal vessels (table 2, case 7; figs 31, J).

These results showed that when subfoveal fibro-
vascular membranes are active, both VEGF and PEDF
are trongly expressed in the endothelial cells, and
when subfoveal fibrovascular membranes are quiescent,
both VEGF and PEDF are barely expressed in the endothelial
cells.
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Figure 2 A quiescent CNVM (case 5). (A) Preoperative fundus photograph and OCT. Subretinal haemorrhage and fibrosis can be seen. The yellow
arrow points fo the direction of the sectional scan of OCT. OCT shows a thickening of a highly reflective layer corresponding to the RPE and
choriocapillaris. High reflective layer consisting of red elements suggest fibrosis. (B) Preoperative fluorescein angiogram. No fluorescein leakage from
the CNVM is observed. (C) Preoperative ICG angiogram. (D) ICG angiogram shows tissue staining in the CNVM with a dark rim. Haematoxylin and
eosin section. (E) High power photograph of the region outlined by the black box in (D). Fibrosis and proliferation of RPE cells (arrows) are
predominant over neovascular vessels (arrowheads). (F) Immunohistochemistry for PEDF expression. Strong immunoreactivity for PEDF is observed in
the RPE cells (arrows) located in the perivascular area and the RPE cell layers covering the CNVMs. (G) A high power photograph of the region outlined
by the black box in (F). Strong immunoreactivity for PEDF is observed in the RPE cells (arrows) but it is barely detectable in new vessels (arrowheads).
(H) Immunohistochemistry for VEGF expression. Immunoreactivity for VEGF is observed in the RPE cells (arrows) located in the perivascular area and
RPE cells covering the CNVM, whereas immunoreactivity for VEGF is weak or not defectable in the new vessels (arrowheads). (I) A high power
photograph of the region outlined by the black box in (H). Scale bars, 50 um.

DISCUSSION proliferative diabetic retinopathy.?” * Gao et al also reported
Angiogenesis is believed to develop from an imbalance that the retinal PEDF levels, in contrast with that of VEGF,
between stimulators and inhibitors of angiogenesis.** Thus, were negatively correlated with retinal neovascularisation.”

the PEDF level in the vitreous is decreased in eyes with We, on the other hand, did not observe an upset in the
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Figure 3 A case of PCV. (A) Preoperative fundus photograph and OCT. Subretinal haemorrhage and retinal pigment epithelium detachment (PED)
are observed. The yellow arrow points to the direction of the sectional scan of OCT. OCT shows an elevation of the sensory retina by a highly reflective,
dome-like layer. (B) Preoperative fluorescein angiogram displaying fluorescein leakage from the lesion and fluorescein pooling corresponding to the
PED. (C) Preoperative ICG angiogram. (D) ICG angiogram displays polyp-like lesions with an associated abnormal vascular network. Haematoxylin
and eosin section. The fibrovascular tissue that appears to correspond to the polypoidal lesions. The fibrovascular tissue is observed beneath the dome-
like elevation of the RPE layer (arrows). (E) A high power photograph of the region outlined by the black box 1 in (D). The fibrovascular tissue contains
numerous dilated thin wall vessels and massive fibrin-like materials. (F) A high power photograph of the region outlined by the black box 2 in (D). The
abnormal vessels are surrounded by fibrin-like materials. (G) Immunohistochemistry for PEDF expression. (H) A high power photograph of (G). Stron
immunoreactivity for PEDF is observed in the RPE cells (arrows) located above the fibrovascular membrane and also detected in the endothelial cells ogf
the numerous abnormal vessels (arrowheads). (1) Inmunohistochemistry for VEGF expression. (J) A high power photograph of {1). Strong
immunoreactivity for VEGF is observed in the RPE cells located above the Fibrovqscufz]r membrane and also in the engothehcﬂ cells of the numerous
abnormal vessels. Scale bars, 100 um.
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Table 2 Patient data, immunohistochemical characteristics

PEDF immunoreactivity*

VEGF immunoreactivity*

Case RPE Vascular endothelial cells  RPE Vascular endothelial cells
1 + ++ + +

2 ++ + ++ ++

3 ++ + + +

4 ++ + + ++

5 ++ 3t ++ =

6 + = + =

7 ++ + ++

*By analysis of the specimen with immunoperoxidase staining for PEDF or VEGF: —, grade O, not stained; +,
grade 1, slightly stained; +, grade 2, moderately stained; ++, grade 3, strongly stained.

balance of VEGF and PEDF in the new vessels within the
CNVMs in this study; the expression of VEGF was correlated
with the expression of PEDF.

PEDF suppressed the VEGF induced proliferation and
migration of vascular endothelial cells significantly.”” It was
recently reported that plasminogen kringle 5 upregulated
PEDF production in vascular endothelial cells of the retina.”
However, the regulation of PEDF gene expression and anti-
angiogenic mechanisms of PEDF is still unclear.

A recent study reported that the treatment of human
carcinoma cells with hypoxia induced the expression of PEDF
as well as VEGF. Moreover, treatment of these cells with
VEGF enhanced the expression of PEDF mRNA and secretion
of PEDF, and the addition of neutralising VEGF antibody
substantially blocked PEDF expression.’* These data strongly
indicate that VEGF upregulates PEDF production. Although
the molecular mechanism behind the VEGF induced PEDF
production is unknown, the authors suggested that VEGF
enhances PEDF production, and PEDF regulates angiogenesis
through a negative feedback and also regulates tumour cell
growth.

A similar mechanism may be present in the pathological
process of CNVM formation. We previously demonstrated the
expression of PEDF and VEGF in experimentally induced
CNV.”” When CNV was active, PEDF and VEGF were both
strongly expressed in the choroidal neovascular lesions. Then
after the CNV had developed, the expression of both VEGF
and PEDF decreased in the endothelial cells, whereas strong
expression of PEDF was present in the proliferated RPE cells
covering the CNV. A previous study also demonstrated a
significant increase in the vitreous levels of PEDF early after
CNV induction in a rat model.”” On the other hand, it has
been reported that the vitreous has lower PEDF levels with no
apparent change of VEGF levels in AMD patients with CNV.*®
These findings indicate that the eyes of AMD patients with
CNV have potential activity for angiogenesis. However, it is
questionable whether the vitreous levels of PEDF and VEGF
directly reflect the expression levels of these factors in
CNVMs, because human CNV is usually only one local lesion
in one eye and is quite small. Thus, we observed the
expression of PEDF and VEGF within the tissues of subfoveal
fibrovascular membranes.

PEDF may also inhibit the proliferation of ocular cells.’” It
is more likely that VEGF produced in endothelial cells
enhances PEDF production, and PEDF regulates angiogenesis
and cell proliferation through a negative feedback. This
imbalance may contribute to the formation of CNVMs. Thus,
clinically active subfoveal fibrovascular membranes were
immunoreactive for PEDF and VEGF in the endothelial cells
of new vessels. On the other hand, clinically quiescent
subfoveal fibrovascular membranes were not immuno-
reactive for VEGF and PEDF in the endothelial
cells. Neovascularisation at the quiescent stage would
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indicate that a competition between VEGF and PEDF was
completed.

We have demonstrated that there was a decreased level of
PEDF and an increased level of VEGF in the vitreous of eyes
with diabetic retinopathy.® In diabetic retinopathy and
ischaemia induced retinal neovascularisation, the negative
feedback mechanism by producing VEGF which regulates
PEDF production, might be interrupted although the exact
the mechanism is still unknown. Therefore, unbalanced
expression of VEGF and PEDF that results in neovascularisa-
tion would occur.

It has been reported that differentiated human RPE cells
express high levels of both VEGF and PEDF in vitro, and a
critical balance between VEGF and PEDF is important to
prevent the development of CNV.** A recent study also
demonstrated that VEGF secreted by differentiated RPE cells
upregulates PEDF expression via VEGFR-1 in an autocrine
manner.” These data suggest a regulatory interaction
between the two counterbalancing systems; angiogenic
stimulators and inhibitors are present in human RPE cells,
and this balance might have a key role in maintaining the
homeostasis of the human retina and also contributing to the
formation of CNVs.

We found positive immunostaining for VEGF and PEDF in
the RPE cells located in the stroma, perivascular areas, and in
the layer covering CNVMs in all specimens. Several in vivo
and in vitro studies have demonstrated that VEGF is
produced constitutively by normal RPE cells,*** and VEGF
expression has been reported in the RPE cells in CNV—.%"°
Clinically, we have observed recurrent neovascularisation in
what appeared to be quiescent CNVMs. Such recurrent
neovascularisations usually occur with the disruption of the
RPE layer covering the CNVMs. It is possible that such a
recurrent neovascularisation may be induced by VEGF
secreted from these RPE cells with a lack of VEGF induced
PEDF gene upregulation for some reasons.

We found that the PEDF and VEGF expressions were
strong in the new vessels in active CNVMs, whereas they
were weak in the new vessels in quiescent CNVMs. These
findings support our hypothesis that the levels of PEDF and
VEGF depend on the clinical status of the subfoveal
fibrovascular membranes. In this study, PEDF expression
and VEGF expression in CNVM were parallel. These data
suggest that in vivo VEGF induced PEDF gene upregulation
and feedback mechanism may be present in CNVM.

In conclusion, the correlation of the expression of PEDF
with the vascular status of the subfoveal fibrovascular mem-
branes strongly suggests that PEDF along with VEGF plays
an important part in choroidal neovascularisation and PCV.
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